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ABSTRACT: Purpose. Our goal was to establish the
range of sonographic measurements of normal gall-
bladders in children.
Methods. Six hundred ten children aged 0–16 years
(male:female ratio, 1.5:1) with normal clinical and
laboratory findings were included in this study. The
sonographic parameters were the length, width, and
calculated volume of the gallbladder, and the clinical
parameters were the age, height, weight, and body
surface area of the children. Statistical significance
was determined through correlation and regression
analyses.
Results. The length of the gallbladder showed sig-
nificant positive correlations with age (r = 0.65), height
(r = 0.67), weight (r = 0.63), and body surface area (r =
0.65; p < 0.01). The calculated volume of the gallblad-
der also showed moderate correlations with age (r =
0.53), height (r = 0.55), weight (r = 0.61), and body
surface area (r = 0.57; p < 0.01). The gallbladder width
showed modest but significant correlations with age
(r = 0.48), height (r = 0.53), weight (r = 0.53), and body
surface area (r = 0.55; p < 0.01). The highest correla-
tion coefficients were found between the gallbladder
length and subject age (r = 0.65; p < 0.01) and between
the gallbladder length and subject height (r = 0.67; p <
0.01). For all correlations, statistical significance re-
mained after regression analysis (p < 0.01).
Conclusions. Values for the size of the normal pe-
diatric gallbladder are defined and will be helpful in
the diagnosis of gallbladder abnormalities. © 2003
Wiley Periodicals, Inc. J Clin Ultrasound 31:80–84,
2003; Published online in Wiley InterScience (www.
interscience.wiley.com). DOI: 10.1002/jcu.10136
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Although reports of gallbladder disease arecommon, few published reports detail the
sonographic appearance of normal gallbladders in
children.1–7 Because of this lack of information, it
is often difficult to determine whether a child’s
gallbladder is diseased. In neonates, a small gall-
bladder may be the result of biliary atresia, and a
condition such as Kawasaki disease can lead to
gallbladder enlargement accompanied by hy-
drops. It is therefore very important to decide
whether the gallbladder size is normal.
We know of only 3 references in which the
sonographic sizes of gallbladders in children are
addressed,4,8,9 and only 1 of those concerns nor-
mal gallbladders in healthy children.8 We there-
fore decided to measure normal gallbladders
sonographically in children to establish the range
of normal sizes in this population.
PATIENTS AND METHODS
This prospective study, carried out as part of a
health screening program, involved 610 children
aged 0–16 years (male:female ratio, 1.5:1). Writ-
ten informed consent was obtained from the par-
ents for the prospective health screening pro-
gram. Physical findings concerning the upper
abdomen and laboratory findings pertaining to
the gallbladder were all negative, and the chil-
dren were therefore considered healthy.
All subjects fasted before sonographic exami-
nation. A real-time ultrasound scanner (128XP;
Acuson, Mountain View, CA) was used, with ei-
ther a 3.5- or 5.0-MHz convex-array transducer.
During the procedure, the subjects were usually
supine, although occasionally the left lateral de-
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cubitus position was also used. The sonographic
parameters for gallbladder size that were mea-
sured were the greatest length (L) and the great-
est transverse diameter (W). It was assumed that
the shape of the gallbladder was a prolate ellip-
soid and that the width and anteroposterior di-
ameter were similar. Therefore, the formula used
for volume calculation was 0.52 × L × W × W
(Figure 1). We also evaluated the relationships
between gallbladder size and subject age, height,
weight, and body surface area.
All study data were collected in the Excel pro-
gram (Microsoft, Redmond, WA) and processed
using the SPSS program (SPSS Inc., Chicago, IL).
For gallbladder length, width, and volume, we
calculated the mean ± standard deviation, me-
dian, range, and 95% confidence interval. Corre-
lation and regression analyses were performed. A
p value below 0.05 was considered statistically
significant.
RESULTS
Table 1 shows the measurements of the gallblad-
der size parameters by age group. Gallbladder
length ranged from 2.5 to 8.9 cm (mean, 5.3 ± 1.3
cm), gallbladder width from 0.1 to 3.4 cm (mean,
1.7 ± 0.5 cm), and gallbladder volume from 0.3 to
42.0 cm3 (mean, 8.0 ± 6.1 cm3).
The gallbladder size parameters showed a sig-
nificant positive correlation with age and all body
parameters (p < 0.01) (Table 2). The length and
volume of the gallbladder showed moderate cor-
relations with age, height, weight, and body sur-
FIGURE 1. Method of sonographic measurement of gallbladders. The
gallbladder volume was measured using the prolate ellipsoid volume
formula: V = 0.52 × L × W × W. A is the greatest length (L), B is the
anteroposterior dimension (W) and C is the transverse width (W). B
and C were assumed to be equal.
TABLE 1
Sonographic Measurements of Normal Gallbladders in Children by Age Group
Age,
years
No.
Subjects
Length, cm Width, cm Volume, cm3
Mean
± SD
95%
CI Median
Observed
Range
Mean
± SD
95%
CI Median
Observed
Range
Mean
± SD
95%
CI Median
Observed
Range
<1 41 3.3 ± 0.8 3.1–3.6 3.5 2.8–4.7 0.9 ± 0.4 0.6–1.0 0.9 0.1–1.8 1.8 ± 1.7 1.2–2.3 1.4 0.3–7.9
1 35 4.2 ± 0.6 4.0–4.4 4.2 2.5–6.0 1.4 ± 0.3 1.3–1.5 1.4 0.7–2.1 4.6 ± 2.6 3.7–5.5 4.1 0.5–12.4
2 30 4.5 ± 0.6 4.3–4.8 4.6 3.5–6.0 1.5 ± 0.3 1.4–1.6 1.5 1.1–2.3 5.9 ± 2.4 4.9–6.5 5.6 2.8–12.6
3 31 4.3 ± 0.6 4.1–4.5 4.4 3.0–5.8 1.5 ± 0.2 1.4–1.5 1.6 0.9–1.8 4.9 ± 1.7 4.3–5.6 4.9 1.5–8.4
4 24 4.7 ± 1.3 4.2–5.3 4.6 2.9–7.5 1.5 ± 0.3 1.4–1.6 1.7 0.7–1.9 5.9 ± 2.6 4.7–7.0 5.2 0.7–13.1
5 36 5.0 ± 1.0 4.7–5.4 5.0 3.4–7.2 1.7 ± 0.4 1.6–1.8 1.6 0.9–2.8 7.8 ± 4.8 6.2–9.4 7.4 2.2–29.3
6 47 4.9 ± 1.0 4.6–5.2 4.7 3.0–7.5 1.6 ± 0.3 1.5–1.7 1.5 1.1–2.5 7.0 ± 3.6 5.9–8.1 5.9 2.6–17.2
7 43 5.1 ± 0.9 4.9–5.4 5.0 3.5–7.7 1.6 ± 0.4 1.5–1.7 1.7 1.0–2.6 7.2 ± 3.8 6.0–8.4 6.6 2.7–21.0
8 45 5.3 ± 1.0 5.0–5.6 5.3 3.3–8.7 1.7 ± 0.4 1.6–1.8 1.8 0.9–2.9 8.5 ± 4.8 7.0–9.9 7.7 1.3–26.2
9 44 5.5 ± 1.0 5.2–5.8 5.5 3.4–7.7 1.8 ± 0.5 1.7–1.9 1.9 0.9–2.8 10.0 ± 5.9 8.2–1.8 8.1 2.4–25.2
10 54 5.6 ± 0.8 5.4–5.8 5.6 3.9–7.4 1.9 ± 0.4 1.8–2.0 1.9 1.0–2.9 11.5 ± 5.3 9.6–12.5 9.8 2.3–23.9
11 53 6.0 ± 1.0 5.7–6.3 6.0 3.9–8.0 1.9 ± 0.4 1.8–2.1 1.9 1.1–3.1 12.6 ± 6.6 10.7–14.4 10.7 4.2–38.4
12 47 6.1 ± 0.8 5.8–6.3 6.1 4.7–8.2 1.8 ± 0.6 1.7–2.0 1.9 0.9–3.4 12.1 ± 7.8 9.7–14.4 11.8 3.0–42.0
13 27 6.6 ± 1.3 6.1–7.1 6.7 3.3–8.9 1.9 ± 0.6 1.7–2.2 1.9 0.9–2.8 14.0 ± 8.4 10.7–17.4 13.7 1.3–31.7
14 17 6.8 ± 1.1 6.3–7.4 6.8 5.2–8.4 2.0 ± 0.6 1.7–2.3 1.9 1.1–3.3 15.2 ± 8.1 11.0–19.4 14.1 3.2–31.7
15 26 6.3 ± 1.3 5.8–6.8 6.1 4.1–8.9 1.9 ± 0.6 1.7–2.1 1.9 0.9–3.2 13.3 ± 9.5 9.4–17.1 10.9 3.2–42.0
16 10 5.9 ± 1.1 5.1–6.7 5.7 4.2–7.8 1.9 ± 0.6 1.5–2.3 1.8 1.1–2.8 11.9 ± 6.6 7.1–16.6 11.1 2.6–23.2
Total 610 5.3 ± 1.3 5.2–6.4 5.2 2.5–8.9 1.7 ± 0.5 1.6–1.7 1.7 0.1–3.4 8.0 ± 6.1 8.3–9.3 6.9 0.3–42.0
Abbreviations: SD, standard deviation; CI, confidence interval.
TABLE 2
Coefficients of Correlation between Body Parameters and
Gallbladder Measurements*
Gallbladder
Measurement Age Height
Body
Weight
Body
Surface
Area
Length 0.65 0.67 0.63 0.65
Width 0.48 0.53 0.53 0.55
Volume 0.53 0.55 0.61 0.57
*Data are Pearson correlation coefficients. All correlations were sig-
nificant (p < 0.01).
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FIGURE 2. Linear regression plots between gallbladder measurements and age (after verification of fitness by
analysis of variance). (A) Maximal length versus age: length (in cm) = 1.9 × age (in years) + 3.8. (B) Volume
versus age: volume = 7.7 × age (in years) + 0.2. (C) Width versus age: width = 5.5 × age (in years) + 1.2. All
correlations showed statistical significance (p < 0.01).
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face area. Correlation coefficients between the
gallbladder width and body parameters were low
compared with coefficients for other factors but
were still significant. The greatest correlation co-
efficients were between gallbladder length and
subject age (r 0.65; p < 0.01) and between gall-
bladder length and subject height (r  0.67; p <
0.01).
Regression plots also demonstrated significant
linear correlations between age and gallbladder
size parameters (p < 0.01) (Figure 2). Again, gall-
bladder width had the lowest correlation with age
of the 3 size parameters.
Because of the strong correlation between gall-
bladder size and subject height (a simple clinical
measurement), we have also presented normal
gallbladder length by subject height in Table 3.
DISCUSSION
Studies of normal gallbladders in children have
been few,4,8,9 and the resulting lack of informa-
tion means that decisions about whether gallblad-
der disease is present can be difficult. We were
able to locate only 1 report, by McGahan et al,8 in
which normal pediatric gallbladder measure-
ments are detailed. The study’s sample size was
small, however, totaling only 51 cases, and the
clinical data were also limited. Slovis et al,4 in a
study of gallbladder hydrops in Kawasaki dis-
ease, included findings for 42 healthy children
who served as the control group. And a report by
Sarnaik et al9 described the sonographic findings
of some normal gallbladders in patients with
sickle-cell anemia.
In the present study, we documented normal
gallbladder measurements in 610 healthy chil-
dren, thus establishing normal ranges that can be
used in clinical settings. Since there was no
pathologic proof that the gallbladders were com-
pletely normal in our study, we relied on normal
FIGURE 2. Continued.
TABLE 3
Length of Gallbladder by Subject Height
Subject
Height,
cm
No.
Subjects
Gallbladder Length, cm
Mean ± SD 95% CI Median Range
<90 77 3.8 ± 0.9 3.6–4.0 4.0 2.8–6.0
90–99 49 4.3 ± 0.5 4.1–4.4 4.3 3.4–5.7
100–109 49 4.7 ± 1.1 4.4–5.0 4.6 2.9–7.5
110–119 57 4.8 ± 0.9 4.6–5.0 4.8 3.0–7.5
120–129 88 5.2 ± 0.9 5.0–5.4 5.2 3.4–7.7
130–139 81 5.4 ± 0.8 5.3–5.6 5.5 3.3–8.0
140–149 86 5.8 ± 1.0 5.6–6.1 5.9 3.5–8.7
150–159 65 6.5 ± 1.0 6.2–6.7 6.6 4.2–8.5
160–169 37 6.3 ± 1.2 5.9–6.7 6.6 3.3–8.9
170 21 6.4 ± 1.2 5.8–6.9 6.0 4.5–8.9
Abbreviations: SD, standard deviation; CI, confidence interval.
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standard laboratory data to rule out any abnor-
mality of the hepatobiliary system.
To establish guidelines on gallbladder size, we
selected the greatest length and width and calcu-
lated the volume of the gallbladder, analyzing the
relationships between these measurements and
several body parameters (height, weight, and
body surface area) and age. Our results demon-
strated gradual but significant increases in gall-
bladder measurements with increases in age,
height, weight, and body surface area. As in other
reports, our data suggest that length is a more
useful parameter than width or volume. Width,
despite its significance in our study, showed a low
correlation coefficient. Furthermore, an equation
must be used to determine volume, making this
parameter more difficult to use in clinical prac-
tice.
The relationship between gallbladder length
and subject age was 1 of the strongest in our
study, as most authors have reported. Our find-
ings with regard to mean length are not greatly
different from those of other authors, despite dif-
ferent sample sizes and the involvement of differ-
ent age groups (Table 4).
It was interesting that the correlation between
gallbladder length and subject height was greater
than that between length and age. We therefore
believe that in clinical settings, variations in gall-
bladder length according to subject height can
also provide valuable guidance.
In conclusion, gallbladder length, width, and
volume correlate significantly with subject age,
height, weight, and body surface area. In particu-
lar, the length of the gallbladder is highly signifi-
cantly correlated with a subject’s height.
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TABLE 4
Normal Gallbladder Lengths Reported by Other Researchers
McGahan8 Slovis4 Sarnaik9
Age, years No. Mean, cm Range, cm Age, years No. Mean ± SD, cm Range, cm Age, years No. Mean ± SD, cm
0–1 8 2.5 1.3–3.4 2–4 10 4.14 ± 0.20 3.1–5.3 2–4 29 4.27 ± 1.14
2–5 10 4.2 2.9–5.2 5–10 10 5.36 ± 0.34 4.1–8.0 5–9 67 5.46 ± 1.20
6–8 11 5.6 4.4–7.4 10–14 12 5.91 ± 0.33 4.3–7.5 10–14 44 6.24 ± 1.25
9–11 12 5.5 3.4–6.5 14–18 10 6.19 ± 0.22 5.2–7.2 15–19 23 7.15 ± 1.8
12–16 10 6.1 3.8–8.0
Abbreviation: SD, standard deviation.
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